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Abstract 
 
This thesis aims to establish a sound scientific methodology for the effective and efficient 
polishing of thermally stable PCD composites (consisting of diamond and SiC) for cutting 
tools applications. The surface roughness of industrial PCD cutting tools, 0.06 µm Ra is 
currently achieved by mechanical polishing which is time consuming and costly because it 
takes about three hours to polish a 12.7 mm diameter PCD surface. An alternative 
technique, dynamic friction polishing (DFP) which utilizes the thermo-chemical reactions 
between the PCD surfaces and a catalytic metal disk rotating at high peripheral speed has 
been comprehensively investigated for highly efficient abrasive-free polishing of PCD 
composites. A special polishing machine was designed and manufactured in-house to carry 
out the DFP of PCD composites efficiently and in a controllable manner according to the 
requirements of DFP.  
 
The PCD polishing process and material removal mechanism were comprehensively 
investigated by using a combination of the various characterization techniques: optical 
microscopy, SEM and EDX, AFM, XRD, Raman spectroscopy, TEM, STEM and EELS, 
etc. A theoretical model was developed to predict temperature rise at the interface of the 
polishing disk and PCD asperities. On-line temperature measurements were carried out to 
determine subsurface temperatures for a range of polishing conditions. A method was also 
developed to extrapolate these measured temperatures to the PCD surface, which were 
compared with the theoretical results. The material removal mechanism was further 
 v 
explored by theoretical study of the interface reactions under these polishing conditions, 
with particular emphasis on temperature, contact with catalytic metals and polishing 
environment. Based on the experimental results and theoretical analyses, the material 
removal mechanism of dynamic friction polishing can be described as follows: conversion 
of diamond into non-diamond carbon takes place due to the frictional heating and the 
interaction of diamond with catalyst metal disk; then a part of the transformed material is 
detached from the PCD surface as it is weakly bonded; another part of the non-diamond 
carbon oxidizes and escapes as CO or CO2 gas and the rest diffuses into the metal disk. 
Meanwhile, another component of PCD, SiC also chemically reacted and transformed to 
amorphous silicon oxide/carbide, which is then mechanically or chemically removed.1 
 
Finally an attempt was made to optimise the polishing process by investigating the effect of 
polishing parameters on material removal rate, surface characteristics and cracking /fracture 
of PCD to achieve the surface roughness requirement. It was found that combining dynamic 
friction polishing and mechanical abrasive polishing, a very high polishing rate and good 
quality surface could be obtained. The final surface roughness could be reduced to 50 nm 
Ra for two types of PCD specimens considered from pre-polishing value of 0.7 or 1.5 µm 
Ra. The polishing time required was 18 minutes, a ten fold reduction compared with the 
mechanical abrasive polishing currently used in industry.  
 
 
 
                                                
1
 A paper based on this research has been granted the Best Paper Award at 8th International Conference on 
Progress of Machining Technology organized by the Japan Society of Precision Engineering in Shimane, 
Japan in November 2006.  
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0
TG∆   mole Gibbs free energy difference at zero pressure 
h   Planck’s constant 
2θ  the angle between the X-ray source and detector 
A   nominal area of PCD specimen 
Ap   area of the polishing plate swept by the sample 
As   area of the polished sample's surface 
A’   expected actual contact area   
ADC   analog-to-digital converter 
AFM  atomic force microscopy 
AMP  amplified  
C   specific heat  
CCD   charge-coupled device       
C(y)  carbon concentration at distance for interface y  
Co   initial (background) carbon concentration in the polishing plate  
C1  interface carbon concentration 
Cs   carbon concentration at the surface of the polishing plate 
D   diffusion coefficient  
d(hkl)  spacing between atomic planes within the sample 
d   specimen diameter 
Dd   mean rotating diameter of polishing disk 
 vii 
DFP  dynamic friction polishing 
Ds   diameter of the shaft, in millimetres 
E*  maximum potential energy 
e   effective electron charge  
E   Young’s modulus      
E1   activation energies for transformation of diamond to graphite 
E
-1   activation energies for transformation of graphite to diamond  
Ea   the activation energy 
EDM   electric discharge machining  
EDX   energy dispersive X-ray analysis  
EELS   electron energy loss spectroscopy  
EMI   Electro Magnetic Interference 
Ep   energy of the bulk Plasmon 
erfc   error function  
FET   field effect transistor  
FWHM  full width at half maximum  
GT,P(products)  Gibbs free energy of reaction products 
GT,P(reactants)  Gibbs free energy of reactants 
GT,P   Gibbs free energy as a function of the pressure-temperature 
h   average heat flux 
JCPDS  Joint Committee on Powder Diffraction Standards 
K   thermal conductivity     
L    Load on PCD specimen  
L1   average force on an asperity 
 viii 
LCM   laser confocal Microscopy  
LED   light emitting diode  
m   effective electron mass  
MCA   multi-channel analyzer 
N  number of asperities     
n   number of revolutions per minute (rpm) 
nc   valence electron density (number of valence electrons per unit volume) 
P  normal pressure on PCD specimen  
P’   expected applied pressure  
Pm   main motor power 
PWM   pulse-width modulation 
PCD  polycrystalline diamond 
R   gas constant (=8.31 J/mol.K) 
Ra  PCD asperity radius 
Rd   radius of polishing disk    
Rp   PCD specimen radius 
SEM   scanning electron microscopy  
SPM  scanning probe microscope 
Ss   allowable torsion shear stress in N/mm2 
STEM  scanning transmission electron microscopy  
T  absolute temperature  
t  time 
TEM  transmission electron microscopy  
Tr   temperature rise  
 ix 
V   sliding speed      
VFD   variable frequency drive  
XRD  X-Ray diffraction  
y  distance from the interface in polishing disk 
Z   distance from the polishing surface of PCD specimen 
z   height of asperity 
∆GT,P   Gibbs free energy difference  
∆V  the volume difference between graphite and diamond 
ε0   vacuum dielectric constant 
η   density of asperities 
Λ   wavelength of X-rays  
µ  coefficient of friction     
ν   Poisson’s ratio  
ρ  density of material  
σ  standard deviation 
χ  thermal diffusivity 
ω   speed of rotation 
Ф(z)   distribution function of asperity heights 
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